ABSTRACT
INTRODUCTION
Since 2012, Mali has been in the grip of an unprecedented political crisis, causing a constant and numerically significant migration to Southern Europe. As a consequence of the increase in migration flows, the need for access to diagnostic tests and medical evaluations by Malians is steadily growing in host countries. Therefore, general practitioners and clinicians need more information on the health status of asylum applicants, for diagnosis orientation and treatment decisions. Common practice in African countries is to use laboratory reference values derived from data collected from populations living in industrialized countries [2] . Discrepancies between normal reference values in industrialized and African countries have been reported in the literature [3, 4] , possibly due to factors such as age, sex, and geographic origin of different ethnic groups [5, 6] .
The main aim of our study was to determine RIs of hematological and clinical chemistry parameters in healthy male adults coming from Mali, recruited at the Asylum Seekers Center (ASC) in Castelnuovo di Porto, Italy. The secondary objective was to evaluate the impact of anthropometric, behavioral, social and metabolic variables on haematological and biochemical analyses.
METHODS
This cross-sectional retrospective study was conducted on data from blood tests collected from adult Malians, within 3 months of their arrival in Italy, at the Internal Healthcare Facility (IHCF) of the ASC of Castelnuovo di Porto (Rome, Italy), between May and November 2014.
In accordance with internal procedures, each Asylum Seeker (AS) who accessed the IHCF for the first time was interviewed using a standardized questionnaire focused on sociodemographic data and medical history. Medical staff conducted interviews with the support of mediators speaking the patient's mother tongue. Moreover, a physical examination, including the collection of vital signs and anthropometric data, was performed.
The study was carried out in accordance with the Helsinki Declaration and data were collected and analyzed after receiving informed consent. Ethical approval was not required because the study was based on a retrospective analysis of data routinely collected and stored according to the Italian law on privacy (General authorization to process personal data for Partecipantswere also tested for HbsAg, and for antibodies against HIV and HCV .
Blood Collection and Testing Methodologies
Routine blood tests for hematology, blood chemistry, and virologic assessment were offered to all adults examined.
For hematology, the blood was collected in a Becton Dickinson (BD) ethylene diamine tetraacetic acid (EDTA) Vacutainer tube (Franklin Lakes, NJ, USA), while for biochemistry tests the blood was collected in a BD serum separation tube (SST) that was centrifuged (3,000 g, 3 minutes). All samples were analysed within 3 hours of collection.
Blood samples were analysed using Sysmex XN 1000 automated hematology analyzer for complete blood counts, as recommended by the manufacturer. Dimension Vista 1500
Intelligent Lab System (Siemens) was used to analyze serum biochemical parameters.
Hepatitis B virus surface antigen (HBsAg), hepatitis C virus antibody (HCV-Ab) and human immunodeficiency virus antibody (HIV-Ab) were detected by a third-generation enzyme linked immunoassay (Abbott).
Statistical Methods
For each of the clinical, biochemical and haematological parameters of the study , reference values were determined at 2.5 th -97.5 th percentiles; mean, median and standard deviations (±SD) were also computed. Parametric student's t-test was used to determine any statistically significant differences between the age groups ≤25 and ≥26, smokers and no smokers, normal and abnormal Body Mass Index (BMI). BMI was considered abnormal if > 25 or < 18.5 according to World Health Organization (ref http://www.euro.who.int/en/healthtopics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi) In order to test for differences in the parameters in relation to the occupation (i.e. craftsman, farmer, student/unemployed, trader), one-way ANOVA with post-hoc analysis using the Scheffe test were conducted. Analyses were carried out using Stata 10.1 software; p<0.05 values were considered statistically significant.
RESULTS

Study population
Out Tables 2A and 2B show a summary, based on previously published data, of medians and unweighted lower and upper limits reference values (the lower limit defined as the 2.5 th percentile and the upper limit as the 97.5 th percentile, according to United States National Consensus Committee on Laboratory Standards of normal ranges for laboratory tests [7] ), stratified by race and ethnicity [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Although most Malian normal ranges appeared to be close to the RIs reported for other race/ethnicities, some deviated significantly from the corresponding range in different populations. Figure 1 shows all African countries, for which, to our knowledge, reference ranges have been reported in the literature [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [18] [19] [20] [21] [22] [23] [24] [25] .
Comparison between reference values in Malian males and other countries
Moreover, considering that Italian RIs are representative of South Europe normal ranges, the comparison between the reference values for Italian [26] and Malians patients is illustrated in Table 3 ; figure 2 shows the comparison between the white cell differential count reference values for Italians and Malians.
Discussion
The International Federation of Clinical Chemistry recommends that each country should establish their own RIs for healthy subjects [1] . RIs play a pivotal role in clinical practice and the accuracy of the values used can reduce the risk of disease misdiagnosis. In fact, about In accordance with the internal procedure, each Asylum Seeker (AS) who accessed at IHCF for the first time completed a standardized questionnaire focused on socio-demographic data and was given a physical examination, including the collection of vital signs and anthropometric data. The study group consisted exclusively of males, mainly due to the low percentage of women hosted at the ASC.
Only migrants without any disease were included into the study. Most of them were in good health status, which was expected, as many studies before have reported that ASs are generally young and healthy and only present minor health problems [35] [36] [37] [38] [39] . Hence, because of the selection process, the assessed RIs were not influenced by sex and previous or actual, acute or chronic diseases. On the other hand, anthropometric and social factors had only a partial impact on haematological and biochemical RIs. When we analyzed the results considering the BMI, we found that in people with abnormal BMI some of the platelet parameters (MPV, PCT and RDW) deviated from RIs, probability due to the fact that those factors have been linked with an increased risk of microvascular blood flow resistance [40] and vascular mortality [41] .
Regarding chronologic age, we found an increased value of MCV and MCH with aging in Concerning the smoking-status, smokers seem to present higher level of PLT than nosmokers, probably due to an indirect effect of nicotine causing a release of platelets in peripheral circulation [45] . Surprisingly, in our analysis Hb and HCT tended to be higher in no-smokers than in smokers, unlikely the literature data [46, 47] . These observations need to be confirmed.
Considering partecipants' work activity, statistically significant differences were found between farmers, craftsmen, traders and students/unemployed only for white cell differential count (MON%, EOS%, BAS%) and AST. These differences (especially with regard to eosinophils) could reflect an occupational exposure to alternative types of allergens or pathogens, despite the fact that, at the time of blood sampling, the patients had no symptoms or any sign of ongoing disease. showed that the mild relative monocytosis observed in West African patients may be indicative of an anti-malaria effect played by monocytes; in fact, these cells play a role in the quality of antimalarial response and may enhance the predisposition to a favourable clinical outcome [49] . Based on an adaptive-evolutionary point of view, it is possible that the greater RIs for monocytes in Malian population than in the Europeans can be somewhat linked to factors such as the one described above.
According to the Clinical Laboratory Standards Institute (CLSI) Guideline recommendations, a minimum size of 120 observations from each category is needed [50] and although the sample size of our study is considered sufficient to define RIs, our research suffers many limitations and further larger studies are needed. In particular, the absence of a female sample reduces the quality of the information collected and the use of standardized questionnaire focused on socio-demographic data and medical history may have represented a source of bias.
However, despite its limitations, this paper represents the first systematic collection of biochemical and haematological data from Malian healthy persons. Unlike other similar studies, the patients' state of health was not determined from the patient, but was defined in all patients by medical evaluation.
Conclusion
In conclusion, our data provide region-specific reference values which can be used to manage
Malian patients (and populations with similar ethnic characteristics residents in neighboring areas) in and outside Africa. Taking into account the natural variations in the distributions of laboratory test results among racial/ethnic groups, this work will contribute to reduce disease misdiagnosis and to improve the quality of clinical care provided to migrants in the host country.
What is already know on this topic
Guidelines The RIS are very important for diagnostic orientation and treatment decision.
What this study adds
The present study provides region-specific reference values which can be used to improve diagnosis and clinical care of Sub-Saharan Africans in and outside Africa, although furher studies on adult Malian living in Mali are needed to confirm our observation.
Competing interests
The authors declare no competing interest. °Central Africa Republic, * Values for female and males 
Authors' contributions
Variable Parameter WBC (x10^3/L) L (%) M (%) N (%) E (%) B (%) BUN (mg/dl) Gly (mg/dl) Creatinine (mg/dl) AST (UI/L) ALT (UI/L)
